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fluoride each having a rare earth metal and/or an alka- 
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tion or hydrofluoric ackl solution containing a metal 
fluoro complex compound and/or ai metal fluoride each 
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atom(s) to form precipitates comprising a pei-oyskite 
type complex oxide containing and M^. and is suita- 
ble for producing precipitates of a perovskite type com- 
plex oxide, particularly precipitates such as a thin film or 
the like on the surface pf a substrate wtiich has a large 
area or complicated shape, by using a simple apparatus 
without requirement of a heating step for crystallization. 
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Description. 
Technical field 

5 This invention relates to a process for producing precipitates of a perovsldte type connplex oxide, for exarrple, a 
process for forming a thin film of a perovskite type complex oxide on the surface of a substrate or predprtating said com- 
plex oxide in a liquid, more specifically to a process for producing precipitates of said conrplex oxide from an aqueous 
solution, for example, a process for forming the. precipitates as a thin film on the surface of a substrate. 

10 Background art 

Perovskite type complex oxides, particularly rare earth transition metal perovskite, rare earth 3B group metal per- 
. ovsldte and alkaline earth transition metal perovskite type complex oxides are ex^ 

resistance and also have high oxyg^nion conductivrties and electronic conductivities, and further, in some of the com- 
15 plex oxides, superconductivity is generated at relatively high temperature so that they have been used as an electrolyte 
. and an electrode of a fuel cell, an oxygen sensor, an oxygen-enrich membrane, a heating element, a'dielectric material, 
, a magnetic material, a superconductor, etc. Also, they have oxidation • reduction catalystic ability so that they have been 
also used as a catalyst. In these uses, in order to make moving distances of electrons and ions smaller to heighten elec- 
tric conductivity arxj sensitivity or heighten a gas permeation amount; or in pirler to obtain a wide surface area or con- 
20 tact area, or in order to save weight, it has been desired to form a thin uniforrn f ilm or, depending on tie use. precipitates ) 
existing dispersedly on the surface of a substrate, easily on the surfaces of various substrates. 

As a method for forming such an oxide thin film, there may be mentioned methods such as CVD, Ipn plating, sput- 
tering, etc. However. In these methods, not only a special expensive apparatus is required, but also formation of a thin 
film having a large area and forrriatipn of a thin film on the surface of a sut>strate having a complicated shape are diffi- 
25 cult, in particular, a thin film required for a large fuel cell cannot be obtained easily. 

Therefore, it has been attempted that a solution of a compound containing metal elements constituting a perovskite 
type complex oxide is coated on a substrate, and ^ thin film of said connplex oxide is formed by oxidation. For example, 
in Japan Ceramics Society. Annual meeting in 1994 (Nagoya), Lecture previous manuscripts 3G04. Oya et al. have 
formed a perovskite type complex oxide thin film of Ln(Cr.Mn)03 by using a solution obtained by dissolving the respec- 
30 five 2-ethylhexanoates of rare earth elements, chromium and manganese in isopropanol, as a coating solution, adding 
diethanolamine thereto and producing a thin film oh the surface of a silica glass substrate by dtp coating and carrying 
out heat treatment at 800 *»C. 

However, in such a method, there are problems that there is a limit in formation of precipitates on the surface of a . 
substrate having a large ariea or a complicated shape, it is necessary to crystallize an oxide coated on a substrate by 
35 heating, there is. possibility that heat shrinkage and deformation are caused during heating, arxi some substrates can- 
not starid such heating. 

On the other hand, in Japanese Provisional Patent Publication No. 58635/1993. there has been disclosed a method 
in which a substrate is soaked in an aqueous solution containing lead ions, hexafluprotitanic acid ions and boric acid 
ions to form a complex oxide thin film of titanium and lead on the surface of said substrate. Here, as a lead source, lead « 

40 chjorkle, lead acetate or lead hitrate is used: A PbTlOs.thin film obtained by this method on the surface of the substrate 
has a pyrochlore type crystal structure. In order to convert this film into perovskite type PbTlOs. a step of carrying out 
heat treatment at 300 to 900 is further required. 

An object of the present invention is to provide a process for producing perovskite type complex oxide precipitates, 
in which, by using a simple apparatus, precipitates such as a thinlilm, etc. can be formed on the surface of a substrate 

45 having a large area, etc. and also precipitates such as a thin film, etc! can be easily formed on the surface of a substrate 
having a complicated shape, which cannot be obtained by a conventional method for forming perovskite type complex 
oxide precipitates, and also a heating step for crystallizing these precipitates is not required. 

The present inventors have studied intensively in order to achieve the above object and consequently found that by 
adding a fluoride ion-capturing agent to aqueous solutions or hydrofluoric acid solutions containing metal f luoro com- 

50 plex compounds and/or metal fluorides of plural nrietal elements constituting a desired perovskite type complex oxide, 
precipitates of the perovskite type complex oxide, for example, a thin film can be formed easily on the surface of a sub- 
strate, to acconplish the present invention. 

Disclosure of the invention 

55 

That is. the process for producing perovskite type complex oxide precipitates of the present invention comprises 
making a fluoride ion-capturin£| agent exist in a mixed solution of 

(1) an aqueous solution or hydrofluoric acid solution containing a metal f luoro complex compound and/or a metal 
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fluoride each having a rare earth metal and/br an alkaline earth metal atom(s) ; and 

(2) an aqueous solution or hydrofluoric acid solution containing a metal f luoro complex compound and/or a metal 
fluoride each having a transition metal and/or a 3B group metal atom(s) 

to form precipitates of an perbvsklte type complex oxide having the metal atoms and M^. 

■ 

The perovsWte type complex oxide in the present invention includes a series of complex oxides which are cubic 
(including pseudo-cubic) perovsWte type, tetragonal (Including pseudo-tetragonal) perdvsWte type, orthorhombic 
(including pseudo-orthorhoriribic) perovsldte type, hexagonal (including pseudo-hexagonat) perovsldte type, trigonal 
(including rhombohedral) perovsWte type, monoclinic perovsWte type, triclihic perovsWte type and. oxygen-deficient per- 
10 ovsWte type; and have a crystal structure which is similar thereto. 

Best mode for practicing the invention 

The perovsWte type complex oxide precipitates to be formed by the present invention are represented by the fbr- 
15 mula (I): ' . 

M^xM^yOz (I) 

(wherein and are as described above; and x, y and z are each a number satisfying electric neutraO and typically 

20 cpnrprise an oxide represented by M^Os, but it is not limited thereby as illustrated below. 

As M\ there may be mentioned a rare earth metal atom such as scandium, yttrium, lanthanum, cerium, praseo- 
dymium, neodymium, promethium, samarium, europium, gadolinium, terbium, dysprosium, holmium,. erbium, thulium, 
ytterbium and lutetium; and an alkaline earth metal atom such as berylium. magnesium, calcium, strontium and barium, 
and one or two or more of them may exist in the siame crystal. Also, as a part of M^ an alkali metal such as lithium, 

25 sodium, potassium, rubidium and cesium may be contained. 

may be exemplified by a rare earth metal atom such as scandium, yttrium and the above-mentioned lanthianum 
and cerium series metals; a 4A group metal atom such as titaiiium, zirconium and hafnium; a 5A group mietal atom such 
as vanadium, niobium and tantalum; a 6A group metal atom such as chromium, molybdenum arid tiirlg^tien; a 7A group . 
metal atom such as manganese, tecnisium and rhenium; a 8 group metal atom such as iron, cobalt, nickel, ruthenium, , 

30 rhodium, palladium, osmium, iridium and platinum; a 1B group metal atom such as copper, silver and gold; and a SB 
group metal atom such as aluminum, gallium and indium, arxJ one or two or more of them may exist in the same crystal. 
Also, as a part of M^. an alkaline earth metal such as berylium and magnesium may be contained: 

The perovsWte type complex oxide may be exemplified by a rare earth metal transition metal type cbmptex oxide 
such as YSCO3, USCO3. UVD3. LaCrOa. LaMriOa, UNnOaig. LaMnOa.ig, LaRhOs. LagCuO^, LaaCugOg, 

35 (La,Sr)Mn03, PrScOs, NdScOa, NdCoOa. NdMnOa. Nd2Cu04, SmGr03, SmCoOg, EuCrOa, GdSc03. GidCr03, 
GdMnOs, GdCoOs. DyMnOa. Lao.sUo.sTiOa, Lao.5Nao.5Ti03 arid YBaaCuaOy; an.alkaline earth metal transition metal 
type complex oxide such as CaCrOa, Caaf^ngOg, CaTlOs, CaZr03, Cao.asSro.uCuOa. SrTiOg. SrZrpa, SraZrgOy, 
Sr4Zr30^o. SrgMnaOg, SrCoOs, BaCrOa, BaCk)Oa, BaTiOa and BaRuOa; and a rare earth metal SB group metal type 
compilex oxide such as YAIO3, LaAlOg, LaGa03, UGai.xMgxOg.^ Uln03. NdAlOg, NdGaOa and SmA103. and a com- 

40 plex oxide in which is a rare earth metal and is manganese, chromium, cobalt or galliufri; and a complex oxide 
in which M"* is an alkaline earth metal and is titanium are particularly prefenred since synthesis according to the 
present invention is easy and availability is high. 

As the metal f luoro conplex compound to be used as a starting material inihe present invention, acids or salts 
which can be dissolved in water, r^resented by the formulae (II): 

45 ■ ■ 

AaM^bFc (II) 

and (III) 

«^ AdM%F| (III) 

(wherein M"* and are as described above; As may be tiie same or different from each other and each represent a 
hydrogen atom, an alkali metal atom, an ammonium group or coordinated water; and a. b and c, and d, e and f are each 
a number of 1 or more and a number of maWng said complex compound electrically neutral) are used in combination, 
65 As A, there may be mentioned a hydrogen atom; an alkali metal atom such as lithium, sodium, potassium, rubidium and 
cesium; and an ammonium group. M*" and are metal atoms constituting the desired perovsWte type complex oxide, 
respectively, and depending on the structure of said complex oxide, one or two or more of them may be used, respec- 
tively, a and d are each independently a number of 1 or more, and when b and e are 1 , they are each a nun^er obtained 
by subtracting the valence of or from c and f described below, c is a number of 4 or morie when M"* is, for example. 
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a trivalent metal such as yttrium. Also, f is a number exceeding the valence of M^. . 

The rare earth metal f luoro complex compound represented by the formula (II) may be exemplified by a yttrium 
fluoro complex compound such as HYF4, HgYFg, HgYFe. NaYF4. NagYFs. NagYFe, Na4YF7. NasYFg, KYF4, K2YF5, 
K3YF6. NH4YF4, (NH4)2YF5, (NH4)3YF6. (NH4)4YF7 and (MH4)5YF8; and a scandium fluoro complex compound, a lan- 
thanum fluoro complex compound, etc. corresponding thereto; and with respect to a raire earth metal taking tetrava- 
lence such as cerium and a rare earth metal taking divalehce such as samariumi compourxis corresponding to the 
respective valences are also used. The alkaline earth metal fluoro complex compourid may be exemplrfied by the sim^ 
liar complex compounds including H2CaF4. 

Also, the metal fluoride of the above nietal M^ is preferably soluble in hydrofluoric acid and may be exemplified by . 
an alkaline earth metal fluoride such as berylium f luorkle, magnesium fluoride, calcium fluoride, strontium fluoride and 
barium fluoride; and a rare earth metal fluoride such as gadolinium fluoride. Such fludro-transition metal. complex com- 
pounds and metal fluorides may be used singly or in combination of two or more, if necessary. Also, as a part of the 
metal fluoride, an iaikali metal fluoride such as I'rthiurn fluoride and sodium fluoride may be used. 

As the transition metal fluoro conriplex compound and fluoro complex compound of the 3B group metal, represented 
by the formula (111), there may be used those corresponding to the respective valences of the rhetals illustrated above. 
For example, in the case of a chromium fluoro complex compound, it may be exemplified by HaCrFg, NaaCrFg, I^CrFg, 
RbsprFe, CsaCrFg and (NH4)3CrF6, etc. Also,, as a part of the fluoro complex compound, an alkaline earth metal fluoro 
complex compound such as Na2MgF4 and K2MgF4 may be used. 

The metal fluoride which is soluble in hydrofluoric acid of the above metal may be exemplified by zirconium flu- 
oride, hafnium fluoride, rrianganese fluoride, cobalt fluoride, copper fluoride, etc. Such transition metal fluoro complex 
compounds and metal fluoride may be used singly or in combination of two or more, if necessary. Also, as a pari of the 
metal fluoride, an alkaline, earth metal fluoride such as beryliinn fluoride and magnesium fluoride may be used. 

Such a metal fluoro complex compound and a metal f fuoride exist in the fbrm of corresponding complex ions and/or 
ions in the solution. 

The metal fluoro conplex compound and metal fluoride to be used in the present invention may be one which is 
prepared by any method, txit preferably by treating a complex oxkie corresponding to the desired perovskite type com- 
plex oxide precipitates, or plural compounds of metals constituting said complex oidde, with hydrofluoric add; a corre- 
sponding one or two or more metal fluoro complex compounds and/or metal fluorides can be obtained as a hydrofluoric 
acid solution. For example, when LaMnOa precipitates are to be formed on the surface of the substrate, LaMnOs pow- 
der obtained from La203 and MnCOa by heat treatment may. be treated with hydrofluoric acid to prepare a metal fluoro 
complex compound containing La and Mn and/or a corresponding fluoride, or La203 arxi a manganese compound at a 
pre-determined amount ratio may be treated with hydrofluoric acid to prepare the similar reaction product system. Also, 
there may be used a fluoro complex compound containing both of M** and M^, obtained by treating a perovskite type 
complex oxide with hydrofluoric add. 

Also, the metal fluoro complex compourKi may be prepared by dissolving a hydroxkle or oxyhydroKide of the above 
metal in an aqueous solution containing an alkali metal hydrogen difluortele such as ammonium hydrogen difluorlde or 
sodium hydrogen diflubride and reacting these. 

The metal fluoro conplex compourid is used by being prepared as an aqueous solution generally having a concen- 
tration of 10'^ to 10 molTL, preferably 10~® to 10*** mol/L as a total annount. which is, however, different depending on the 
compourKll There may be also used an aqueous solution obtained by further adding an excess metal c»dde to the pre- 
pariad aqueous solution containing the metal fluoro complex compound to prepare a high concentration solution or a 
saturated solution and then removing an undissolved metal oxide by filtration. Or, there may be used a solution obtained 
by dissolving the metal fluoro corfpiex conpound and/or the metal fluoride in hydrofluoric acid generally having a con- 
centration of 0.005 to 50 % by weight, preferably 0.01 to 50 % by weight to generally have a concentrat'on of 10'^ to 10 
mol/L, preferably 10'® to 10'"^ mol/L as a total amount. 

Further, in such an aqueous solution of hydrofluoric acid solution containing the metal fluoro complex conrpound 
and/or the metal fluoride, seed crystal(s) may exist without any problem. As the seed crystal(s). pretended are precipi- 
tates of the desired perovskite type complex oxide, for example, a complex oxide which is the same as a thin film, and 
one or two or more oxides constituting said complex oxide may be used. The 8eedcrystal(s) may have a chemical com- 
position which is different from that of the desired precipitates if they are of the same or similar crystal system. The seed 
crystal(s) may be generally as fine as 0.001 to 10 M,m. and an existing amount thereof may be optional, but it may be 
minute. Due to existence of the seed crystal(s), a predpitation rate can be raised. Further, according to the firKlings Of 
the present inventor, due to existence of the seed crystal(s), precipitates belonging to the same crystal system as the 
crystal system of said seed crystal(s) can be formed. 

In order to make the seed crystal(s) exist, by a method of suspending powder of an oxide which becomes seed 
cry8tal(s) in the above-mentioned aqueous solution or hydrofluoric acid solution containing the metal fluoro conplex 
conpound and/or the metal fluoride and using a filter paper or filter through which fine crystallites are passed when the 
oxide power is removed by means of filtration or the like, etc., fine crystallites may be made to remain in the solution to 
be used as seed crystals. Or, before a substrate is soaked in the solution, the seed aystal(s) may be previously added 
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and dispersed on the substrate. Further, both of these methods may be used in combination. 

In the present invention, by adding or inserting a fluoride ion-capturing agent which forms a stable conpound by 
fluoride ions, into the above-mentioned mixed solution of the aqueous solution or hydrofluoric, acid solution containing 
the metal fluoro complex compound and/or the metal fluoride having and the similar solution having M^, the per- 

5 ovsWte type complex oxide having and are precipitated. Such a complex oxidamay bi9 precipitated as fine crys- 
tals from the mixed solution or may be precipitated in the form of a thin film or the like on the surface of a siubstrate by 
soaking the substrate in said mixed solution. 

The fluoride idn-capturing agent to be used in the present invention includes homogeneous type which is used by 
being dissolved in a liquid phase and heterogeneous type which is solid matter. Depending on the purpose, one of them 

10 may be used, or both of them may be used in combination without any problem. Said fluoride ion-capturing agent is 
added or inserted after the mixed solution of Solution.(l) and Solutiori <2) is formed. 

The homogeneous type fluoride ion-capturing agent may be exemplified by a boric acid such as orthoboric acid, 
metaboric acid, etc.; sodium hydroxide, aqueous ammonia, etc. For example, when LaMnOs is to be precipitated from 
H^^aLaF^ and Hn-sMnF^ (where m and n are each independently an integer of 4 or more) by using orthoboric acid, the 

IS equilibrium represented by the formula (V) is shifted in a direction that F is consumed so that the equilibrium repre- 
sented by the formula (IV) is shifted in a direction that P is produced, and as a result, precipitates comprising LaMnOa 
are precipitated. Such a capturing agent is used generally in the form of an aqueous solution. Addition of said capturing 
agent hfiay be carried out at one time or intermrttentiy in several divided amounts, or may be carried out continuously at 
a controlled supplying rate, for example, a constant rate. 

20 

Hm.3LaFr„+Hn.3MnFn43H20 ^ LaMn03+(m-Hi)H++(nrvfn)F- (IV) 
.B032'+4F+6H+^BF4+3H20 (V) 

2S The heterogeneous type fluoride ion-capturing agent may be exemplified by a metal such as aluminum, titanium, 
iron, nickel, magnesium, copper, zinc, etc.; ceramics such as glass; and other inorganic substance such as silicon, cal- 
cium oxide, boron oxide, aluminum oxide, silicon dioxide, magnesium c^ide, etc. When such solid matter is added or 
insierted into the solution, P in the vicinity of the solid matter is consunied to reduce its concentratibri. whereby chemical 
equilibrium is shifted to precipitate the perovskite type complex oxide! When such soiki matter is used, depending on 

30 the addition or insertion method and thiB reaction conditions thereof, the precipitates, for example, a thin film of the per- 
ovskite type complex oxide can be precipitated on the entire surface of a substrate soaked in tfie solution, or precipita- 
tion thereof can be limited to a selected local portion, i.e., the vicinity where said solid matter exi^s. Or, by using tiie 
homogeneous type and heterogeneous type fluoride ion-capturing agents in combination, the precipitates, for example, 
a thin film on the surfece of a sub^rate can be thickened partially. 

35 The amount of the homogeneous type fluoride ion-capturing ageht may vary depending on the kind and shape of 
thepredpitates. but it is generally lO*"^ to 1 ,000 % based on the amount corresponding to the equivalent amount of flu- 
oride ions in the solution, and when a good thin film is to be formed by precipitation, it is preferat)iy used in the range of 
10"? to 500 %. When a large amount of said capturing agent is added to the system at one time, shifting off equilibrium 
occurs rapidly so that crystals are produced in the solution to make the liquid tuibid, whereby a portion which does not 

40 contribute to formation of the complex oxide precipitates on the surface of a sut>strate effectively may be generated. 
Therefore, when it is intended to form the precipitates, for example, a thin film on the surface of a substrate, it is pre- 
ferred to can-y out addition of said capturing agent gradually 

As thie substrate, there may be used a wide range of substances which carries perovskite type conplex oxide pre- 
cipitates to be formed, for example, a thin fifm, or for forming a multilayer structure with said precipitates, or for being 

45 protected from oxidation or the like by said thin film formed. Such a substance may be exenr^lif led by €cmetal, ceramics, 
an organic polymer material, etc. 

The time when the substrate is soaked in the solution containing the metal fluoro complex compourid and/or the 
metal fluoride may be before, simultaneously with or after addition of the fluoride-capturing agent, However, when a 
substrate which may be corroded by the system is uised. it is necessary to pay attention to the composition of tfie solu- 

50 tion. the reaction conditions and the time of soaking. For example, the hydrofluoric acid solution is used as (1) and/or 
(2), it is prefenred that the substratjB is soaked after the fluoride ion-capturing agent is added. In tiiis case, after tiie sub- 
strate is soaked, an additional fluorkJe ion-capturing agent may be further added. Also, there may be used a substrate 
which also serves as the heterogeneous type fluoride ion-capturing agent, such as aluminum and glass. The shape of 
the substrate is optional and is hot limited to a plate shape, and one having a complicated shape can be also used. 

55 The reaction temperature can be set optionally in such a iBnge that the system maintains the solution, but it is pref- 
erably in the range of 10 to 80 **C. The reaction time is also optional, and tfie reaction time is elongated depending on 
the amount of the desired precipitates and the thickness in the case of a thih film; 

As described above, the perovskite type complex oxide precipitates, for example, a thin film having a thickness of 
0.001 to 10 M.m or a film having a thickness which is more than that can.be formed on the surface of the substrate. The 
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precipitates thus formed can be obtained as crystallized complex oxide precipitates without a heating step such as heat 
treatment particularly, but a heating step may be provided depending on the purpose. The state of precipitation on the 
surface of the substrate may vary depending on the material of the substrate. In the case of plastic, a thin film is easily . 
formed on the surfaces of polyethylene terephthalate (hereinafter referred to as "PETO and polyether sulfone (herein- 
5 after refen^ed to as PE&). On the surface of polystyrene, a thin film is not formed under ordinary conditions, and when 
the heterogeneous type fluoride ion-capturing agent such as a metal and glass exists in the vicinity, a thin film is formed 
at that portion. 

Utilizability in industry 

10 

According to the present invention, by using a simple apparatus, a perovsWte type complex oxide can be precipi- 
tated. Particularly by precipitating it on the surface of a substrate, a thin film or the like can be easily formed on the sur- 
face of a substrate having a large area or the surface of a substrate having a complicated shape, which cannot be 
obtained by a corwentional formation method. A heating step for crystallizing tiie precipitates thu^. obtained is not par- 
rs ticularly required so that neither distortion nor crack is generated. This fact is particularly advantageous in the case of 
forming a thin film having a large area or a complicated shape. 

Further, according to the process of the present invention, it is possible to obtain precipitates of a perovskite type 
complex oxide in which tiie valence of a metal of an oxide used as a starting material is maintained. This fact is partic- 
ularly advantageous when solid solution perovskite priBcipitates are to be obtained. 
20 The precipitates of the perovskite type complex oxide obtained by the present invention are useful as an electrolyte 
and an electrode of a fuel cell, an oxygen sensor, an oxygen-enrich membrane, a heating element, a catalyst, adielec: 

trie material, a magnetic material, a superconductor, etc. 

' ■ . " 

Examples 

25 . . 

In the following, the present invention is explained in more detail by referring to Exaniples. The present invention is 
not limited by these Exanrples. 

Example 1 

LaaOa and MhCOa were weighed so that tiie mdar ratio was accurately La : Mn s 1 : 1 and pulverized in an auto- 
matic mortar made of alumina for 5 hours while mixing. After the mixed powder obtained was subjected to press mold- 
ing, rt was heat-treated in the air at 1,400 ""C for 5 hours and immediately dropped into water to effect quenching, 
whereby a LaMnOs heat-treated material was obtained. Then, said heat-treated material was pulverized to obtain pow- 

35 der. LaMnOs thus obtained was applied to X-ray diffraction (XRD) to confirm, that it was orthorhombic perovskite. 

0.5 g of the LaMnOa powder prepared as described above was added to 1^0 ml of a 23 % HF aqueous solution 
and dissolved in and reacted with the HF aqueous solution by stirring at .30 ''C for 24 hours. The powder of LaMnOs 
which remained without dissolution was removed by filtration by using a quantitative fOter paper (for chemical analysis) 
JIS P 3801 Na 5C. This filter paper had a holding particle size of 1 Mm. and those having a particle size which was nrore 

40 than that were separated by filtration to obtain a transparent solution in which the fine crystallites of LaMnOs having a 
particle siie of less than 1 p.m remaining in the filtrate were dispersed. Each 30 ml of the solution containing the fine 
crystallites thus obtained was taken in 3 polystyrene containers, polyether sulfone (hereinafter referred to as PES) sub- 
strates previously subjected to surface polishing and ultrasonic cleaning in ethanol were isoaked, and 2.5 x 10'^ mol (as 
an aqueous solution), 5.0 x 10*^ mol (as an aqueous solution) or 8.0 x 10'^ mol (as powder) of HsBOa.was added, 

45 respectively When the mixtures were left to stand at 30 ^'C for 70 hours, formation of a black tiiin filrti was observed on 
the surfaces of the PES substrates, respectively 

When the substrates were applied to XRD, the XRD patterns gave the peak of orthortiombic perovskite type 
LaMnOa. Also, the results df a scanning type electron microscope (SEM) and energy dispersion X-ray spectroscopic 
analysis (ED)Q showed that thin films comprising LaMnOs. crystals were formed on the surfaces of the substrates. 

60 When the particles oh the surfaces were pk)served by SEM. particles having a particle size of 5 M.m or more existed dis- 
persedly on the entire surfaces of the substrates, and a part of them were adhered mutually to form thin films having a 
size of about 40 |im. square. 

Example 2 

ss 

LaMnOa powder obtained by the same method as in Example 1 was used, it was dissolved in and reacted with the 
HF aqueous solution in the same manner as in Example 1 , and the remaining LaMnOs powder was separated by filtra- 
tion to obtain a transparent solution in which LaMnps fine crystallites were dispersed. Each 30 ml of this solution was 
taken in 4 polystyrene containers A to D, PES substrates were soaked, as shown in Table 1, nickel mesh was super- 
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posed on the substrates in the containers A and B, soda-lime glass was superposed on the substrates in the containers 
C and D, and in the containers B and D, In addition thereto, 8.0 x 10"2 mol of H3BO3 powder was added. When the 
respective solutions were left to stand at 30 ^'C tor 70 hours, in all of the cases, formation of a Lal^nOa thin film was 
obsen^ed on the surfaces of the substrates. When application to XRD was carried out, all of the thin films were 
orthorhombic perovskite LaMnOa. 
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Table 1 



. Experiment 


Superposed material 


H3BO3 (mol) 


A 


Nickel mesh 




B 




8.0X10"2 


c 


Soda-lime glass 




D 




8.0x10*2 



20 



25 



30 



35 



As a result of observation by SEM, in botii of the cases using nickel mesh or soda-lime glass, the thin films on the 
substrates of B and D in which H3BO3 was used in combination were ttiicker than those on the substrates of A and C 
in which H3BO3 was not used, respectively, and had a thickness reaching to about 0.3 ^.m. Also, both of the thin films 
on ttie substrates of B and D were tfiicker than that of Example 1 in which the amount of H3BO3 added was 8.0 x lO'^ 
mol. In the cases of C and D. a large amount of LaMnOa was precipitated r«irticularly at the interface of the glasses and 
the substrates, and on the other hand, corrosion of the glasses was observed. From this fact, it can be concluded that 
the components of the glasses were dissolved by hydrofluoric add and acted as a fluoride ion-captun'ng agent: 

Exarrpl^ 3 

3.0 g of the powder of a LaMnOa heat-treated material obtained in the same manner as in Example 1 was added 
to 150 ml of a 27.6 % HF aqueous solution and dissolved and reacted by'stimng at 30 ''C for 24 hours. The powder 
which remained without dissolution was separated by filtration in the same manner as in Example 1 , and each 25 ml of 
a transparent filtrate in which the fine crystallites of LaMn03 were dispersed was taken in 3 polystyrene containers. 

Separately, 3.056 g of SrCOHg) • 8H2O was added to 100 ml of a 0.46 % HF aqueous solution, and SrFg was pro- 
duced by a neutralization reaction. 5 nril, 10 ml or 15 ml of this supernatant was added to the filtrate previously obtained 
from LaMn03. respectively, PES substrates were soaked, respectively, and tine mixtures were left to stand at 30 for 
70 hours. In ail of the cases, change of color caused by formation of a thin film was observed on the surfaces of ttie 
substrates, arid as a result of analysis and observation by XRD, SEM and EDX, it was confirmed ,that the thin films 
formed comprised orthorhombic perovskite Laii.xSrxMnOa crystals. " . 

40 Exarr|}le4 

La^Os and C0CO3 were weighed so that the molar ratio was accurately U : Co = 1 : 1 and pulverized in an auto- 
matic mortar made of alumina for 5 hours while mixing. After the mixed powder obtained was subjected to press mold- 
ing, it was heat-treated in the air at 1,400 for 5 hours and immediately dropped into water to effect quenching, 
whereby a LaCo03 heat-treated material was obtained. The heat-treated material was applied to XRD to confirm that 
it was rhombohedral perovskite. Then, said heat-treated material was pulverized to obtain powder. 

1 .0 g of the UC0O3 powder prepared as described above was added to 200 mi of a 23 % HF aqueous solution and 
dissolved and reacted by stirring at 30 '^C for 24 hours. The LaCoOg powder which remained witfiout dissolution was 
removed by filtration in the same manner as in Example 1 . 30 ml of a transparent solution in which taCoOa fine crys- 
tallites were dispersed thus obtained was taken iri a polystyrene container, a PES substrate was soaked, and 8.1 x 10' 
mol of H3BO3 powder was added. When the mixture was left to stand at 30 '^C for 70 hours, change of color caused 
by formation of a thin film was pbserved on tfie surface of the substrate. By XRD and SEM. it was confirmed that the 
thin film obtained comprised rhombohedral perovskite La.CoOa crystals having an average particle size of 7 ^m. 

'55 Example 5 



45. 



so 



U2O3 and Cr203 were weighed so that tiie molar ratio was accurately La : Cr » 1 : 1 . and subsequent procedures 
were carried out in the same manner as in Example 4 to obtain the powder of a rhombohedral peix>vskite LaCrOa heat- 
treated material. In the same manner as in Example 4. the powder tiius obtained was dissolved in and reacted with the 
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HF aqueous solution, and filtration was can:ied out to obtain a transparent solution in which LaCrOs fine crystallites 
were dispersed. 30 ml of this solution was taken in.a. polystyrene container, a PES substrate was soaked, and 8.1 x 10' 
^ mol of H3BO3 powder was added. VVhen the nnixture was left to stand at 30 °C for 70 hours, change of color caused 
by precipitates was observed on the surface of the substrate. By XRD and SEM, it was confirmed that particles with a 
5 particle size of 5 ^m or mpre comprising rtiombohedral perovskite LaCrOa crystals existed dispersedly on the entire 
surface of the substrate, and a part of them were adhered mutually to form a thin f ilnri having a size of about 30 ]irn 
square. 

Example 6 

10 

Nd203 and MnCOs were weighed so that the molar ratio was accurately Nd : Mn = 1 : 1, and subsequent proce- 
dures were carried out in the same manner as in Example 4 to obtain the powder of a orthorhombic perovskite NdMnOs 
heat-treated material. 1.0 g of the powder thus obtained was added to 300 ml of a 23 % HF aqueous solution and dis- 
solved and reacted by stirring at 30 ''C for 24 hours. The NdMnOa powder which remained without dissolution was 

IS rerhoved by filtration in the same manner as in Example 1 . 30 ml of a transparent solution in which NdMnOs fine crysr 
tallites were dispersed thus obtained was taken in a polystyrene container, a PES sut^strate was soaked, and 8.0 x 10' 
^ mbl of H3BO3 powder was added. When the mixture was left to stand at 30 ''C for 70 hours, change of color caused 
by precipitates was observed on tiie surface of the substrate. By XRD, it was confirmed tiiat the precipitates obtaine»d 
comprised orthortiombic perovskite NdMnOa crystals. Also, by SEM and EDX, it was confirmed that the average parti- 

,20 cle size of the precipitates was 7 p.m, and Nd and Mn existed in the precipitates. 

Example 7 . . . - . 

La203 and MnC03 were weighed so that the molar ratio was accurately La : Mn = 1 : 1 and pulverized in an auto-. 
25 matic mortar made of alumina for 5 hours while mixing. After the mixed powder obtained was subjected to press mold- 
ing, it was heat-treated in the air at 1 ,400 ""C for 5 hours and left to stand for cooling in a furnace, whereby a LaMnOa 
heat-treated material P was obtained. This material was pulverized to obtain powder P. When the crystal structure of 
the powder P thus obtained was measured by XRD, it was rhorhbdhedral crystals showing the index hM of a hexagonal 
lattice. X-ray diffraction position and spacing shown in Table 2. 
30 . Separately, heat treatment was carried out by using the same formulation ratio under the same conditions, and 
immediately after heat treatment, a heat-treated nraterial was dropped into waier to effect quenching, whereby a 
LaMnba heat-treated material was obtained. This material was pulverized to obtain powder Q. When it was afso applied . 
to XRD, it was orthortiorrft)ic crystals showing the index hM, X-ray diffraction position and spacing shown In Table 3, 
1.0 of the powder P prepared as described above was added to 300 ml of a 23 % HF aqueous solution and dis- 
ss solved in wnd reacted with the HF aqueous solution by stirring at 30 ""C for 24 hours. The powder P which remained with- 
out dissolution was removed by filtration using a membrane filter havlrtg a pore size of 0.1 ^m. Each 30 ml of a 
transparent solutibn thus obtained was taken In 2 polystyrene containers. As seed crystals, O.Oi mg of fine powder 
obtained by further pulverizing P was added to one polystyrene container and dispersed, and Q was added to the other 
and dispersed, respectively Then, PES substrates were soaked, and 8.0 x 10'^ mol of H3BO3 powder was added, 
40 respectively. When the mixtures were left to stand at 30 ""C for 70 hours, formation of a black thin film was observed on 
both of the surfaces of the PES substrates. 

When substrates P' and Q' on which a thin film was formed by using the seed crystals P or Q, respectively, were 
applied to XRD, each XRD pattern was sufficientiy coincident with that of P or Q which vyas used as seed crystals as 
shown in Tables 2 and 3, and corresponding to the crystal structure of the s^ed. crystals, fbrrhation of a rhon^hedral 
45 or orthortiombic perovskite LaMnOa thin film was observed. 



so 



ss 
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Table 2 





h 


k 


1 


Seed crys- 


Thin film on 


* * 








tals P 


surface of 














substrate P' 










26 


d(A) 


26 


d(A) 




0 


1 


2 


22.8 


3.90 


22.8 


3.90 


10 \ 


1 


1 














b 


32.3 


2.77 


32.3 


2.77 




1 


d 


4 


32.7 


2.74 


32.7 


2.74 




2 


0 


2 


39.9 


2.26 


39.9 


2.26 


IS . 


0 


2 


4 


46.6 


1,95 


46,6 


1.95 




0 


1 


8 


58.5 


1.58 


58.5 


1.58 



20 



Tables 





h 


k 


1 


Seed crys- 


Thin film on 


25 








tals Q 


surfcice of 












substrate Q* 










28 


d(A) 


28 


d(A) 




1 


1 


1 


25.2 


3.53 


25.4 


3.50 


30 


2 


0 


0 


31.5 


2.84 


31.7 


2,82 




1 


1 


2 


32:4 


2.76 


32.4 


2.76 




2 


0 


2 


39.4 


2.29 


39.5 


2.28 




0 


2 


2 


40.1 


2.25 


40.2 


2.24 


35 


2 


2 


0 


45.7 


i.98 


45.8 


1.98 




0 


0 


4 


47.1 


1.93 


47.3 


1.92 



40 



45 
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Example 8 

U2O3 and GagOa were weighed so that the molar ratio was accurately La : Qa = 1 : 1 . and subsequent procedures 
were carried out in the same manner as in Exanrple 1 to obtain the powder of a heat-treated material. This powder was 
applied to XRD to confirm that said powder was orthorhombic perovsWte LaGaOg. The powder thus obtained was 
added to 300 ml of a 23 % HF aqueous solution and dissolved and reacted by stirring at 30 '^C for 24 houre to obtain a 
solution. The remaining powder was removed by filtration in ttie same manner as in Example 1 to obtain a transparent 
filtrate in which UGaOg fine crystallites were dispersed. 30 ml of the filtrate was taken in a polystyrene container a PES 
substrate was soaked, and 8.0 x 1 0*2 mol of H3BO3 powder was added. When the mixture was left to stand at 30 •C for 
7 days, change of icolor caused by precipitates was observed on the surface of tfie substrate. By XRD, SEM and EDX, 
it was confirmed tfiat the precipitates comprised ortiiorhombic perovskite UQaOg crystals having an average oarticle 
size of 7 |ijn. ^ 

55 Example 9 

TiOg and SrCOa were weighed so that the molar ratio was accurately Ti : Sr = 1 : 1. and subsequent procedures 
were^rned out in the same manner as in Example 1 to obtain ttie powder of a heat-treated material. This powder was 
applied to XRD to confirm ttiat said powd^ was cubic perovskite SrTiOs. The powder thus obtained was added to 300 
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ml of a 23 % HF aqueous solution and dissolved and reacted by stirring at 30 ""C for 24 hours to obtain a solution. The 
remaining powder was removed by filtration in the same manner as in Example 1 to obtain a transparent filtrate in which ' 
SrTiOa fine crystallites were dispersed. 30 ml of the filtrate was taken in a polystyrene conteiiner, a PES substrate was 
soaked, and 8.0 x 10'^ miol of H3BO3 powder was added. After the mixture was left tQ stand at 30 ""C for 7 days, It was 
5 confirmed by XRD, SEM and EDX that cubic perovskite SrTiOa crystals were precipitated on the surface of the sub- 
strate. 

Example 10 

10 It was confirmed that from Ti02 and- BaCOs, the precipitates of tetragonal perovskite BaTiOa crystals were 
obtained on the surface of a PES substrate by the similar method as in Example 10.. 

Example 11 

IS In the same manner as in Example 1 , the powder of a orthorhombic LaMnOs heat-treated material was obtained 
by the solid phase method. 0.5 g of the above LaMnOa heat-treated material powder was added to 150 ml of a 23 % 
HF aqueous solution, and the mixture was stirred at 30 ""C for 24 hours. A considerable amount of the powder remain^ 
without dissolution. Iri the same manner as in Example 1 , the powder was removed by filtration, and each 30 ml of a 
transparent filtrate in which LaMnOa fine crystallites were dispersed was taken in 4 polystyrene containers; Without 

20 soaking a substrate, 2.5 x 10"^ mol, 5.0 x 10"^ mol or 8.0 x 10"^ mol of H3BO3 as an aqueous solution was added 
thereto, respectively, H3BO3 was not added to the remaining one, and the solutions were left to stand at 30 *'C fbr 70 
hours. From all of the solutions to which H3BO3 was added, formation of black precipitates was observed, and the solu- 
tion to which H3BO3 was not added was not changed at all. When XRD of the prjBCipltates was measured, the peak of 
orthorhombic taMnOs was observed to confirm that said black precipitates weire orthorhombic perovskite LaMnOs. 

25 

Example 12 

Lanthanum oxide, strontium carbonate and manganese caibdnate were weighed so that the molar ratio was accu- 
rately La : Sr: Mn = 0.8 : 0.2 : 1 .0 and pulverized in an automatic mortar made of alumina for 5 hours while rhixing. After 

30 the mixture obtained was subjected to press molding, it was heat-treated in the air at .1 ,400 **C fbr 5 hours and immedi- 
ately dropped into water to effect quenching. After the sample was pulverized. XRD was measured to confirm that 
rhombohedral lanthanum manganese oxide in which strontium was dissolved in the state of a solki solution was pro^ 
duced. 0,5 g of the above-mentioned lanthanum manganese oxide in which strontium was dissolved in the state of a 
solid solution obtained by the solid phase method was added to 200 ml of a 23 % HF aqueous solution and dissolved 

35 and reacted by stirring at 30 ""C for 24 hours to obtain a solution. After the solid which remained without dissolution was 
removed by f tftration in the same niahner as in E^oimple 1 , 30 ml of a transparent filtrate in which the! fine crystallites 
were dispersed was taken in a polystyrene container: After a polyethylene terephthalate substrate was soaked, 8.0 x 
10'^ mol of H3BO3 was added, and the mixture was left to stand at 30 for 3 days. 

When the surface of the substrate was measured by XRD, the similar peak as that of lanthanum manganese oxide 

40 in which strontium was dissolved in the s^te of a solid solution obtained by the solid phase method was observed. 
When elemental analysis of particles produced on the surface of the substrate was cam'ed out by SEM and EDX, exist- 
ences of La, Sr and Mn were confirmed. From this fact, it was confirmed that the crystals produced on the surface of 
the substrate was rhombohedral perovskite lanthanum manganese oxide in which strontium was dissolved in the state 
of a solid solution. 

45 

Claims 

1 . A process for producing perovskite type complex oxide precipitates, which comprises making a fluoride ion-captur- 
ing agent exist in a mixed solution of 

so 

(1) an aqueous solution or hydrofluoric acid solution containing at least one compound selected from a metal 
fluoro complex compound and a metal fluoride each having at least one metal atom M"* selected from a rare 
earth metal and an alkaline earth metal; and 

(2) an aqueous solution or hydrofluoric acid solution containing at least one compound selected from a metal 
55 fluoro complex compound and a metal fluoride each having at least one metal atom M^ selected from a transi- 
tion metal and a 3B group metal 

to form pero/skite type complex oxide precipitates having the metal atoms M** and M^. 

2. The producing process according to Claim 1 . wherein a substrate is soaked in the above solution to form said pre: 



10 



10 



EP0 761 601 A1 

cipitates on the surface of the substrate. 

3. The producing process according to Claim 2, wherein said precipitates are a thin film. ' 

4. The producing process according to Claim 1 , wherein at least one compound selected from a metal f luoro complex 
compound and a metal fluoride is produced by reacting a perovsklte type complex oxide or an oxide of M"* and 
constituting It in a hydrofluoric acid solution: 

5. The producing process according to Claim 1 , wherein seed crystal(s) Is/are made to exist in the above solution. 

6. The producing process according to Claim 5, wherein the seed crystal(s) Is/are obtained by reacting an oxide in a 
hydrofluoric add solution and then making fine crystallites remain in the solution. 

7. The producing process according to Claim 1 , wherein M'' is a rare earth metal, and is manganese, cobalt, chro- 
15 mium or gallium. 

8. The producing process according to Claim 1 , wherein is an alkaline earth metal, and is titanium. 
9; vThe producing process according to Claim 1 , wherein the fluoride ion-capturing agent is boric acid. 
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